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Illinois Environmental Protection Agency 
2200 Churchill Road 
Sprinqfield, Illinois 62706 

Re: Cyanide Contaminated Film Chips 

Dear !1r. Hascherneyer: 

l'ie appreciate your interest in our solution to eliminate 
the environmental hazards posed by the cyanide contaminated 
film chips located in and around the Chicago area. Enclosed 
is a description of our proposed solution. 

Your field representative took samples at our demonstration 
on February 15, 1984, _which when tested, should substantiate 
the validity of the process. 

If it would serve your needs, representatives from Michigan 
Technological University would be willing to not only supply 
add.i tlonal information but also expert court testimony should 
it ':oe helpful. 

Please call me at your earliest convenience so that we 
can answ·er any questions you may wish to have clarified. 
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[. INTRODUCTION 

MRC Enterprises, Inc. of Chicago {MRC), and Michigan 
•rechnological University of Houghton, Michigan {MTU) are inter­
ested in providing a solution to the cyanide contaminated film 
chip problem that is plaguing the State of Illinois. This doc­
ument includes background information about MRC and MTU. The 
cyanide problem is discussed along with the proposed elements 
of the solution. At the end of the discussion, a number of 
conclucling and other pertinent comments are presented. We be­
lieve our solution provides the optimal environmental protec­
~ion of all options considered, and also augers some longer 
~erm e~onomic benefit to the economy. 

II. MRC AND l~TU EXPERIENCE 

MRC and HTU are uniquely qualified to solve the cyanide 
contaminated film chip problem. MRC was organized four yea·rs 
ago for the purpose of reclaiming difficult-to-recover plastic 
materials, materials that require the creative application of 
known technology for their recovery. Over these four years t~RC 

has grown into a million dollar company. It occupies a 40,000 
square foot facility that has aople room to process the contam­
inated chips. (See Appendix A) Its key personnel are experi­
encej Plastics recyclers, environmental and professional engi­
neers, and experienced businessmen. (See Appendix B) Briefly, 
1\RC has the managerial, technical, physical, and financial ca­
pabilities to solve the cyanide contaminated chip problem in an 
econvrnically and environmentally sound manner. 

MTU owns patent rights to.a process for the recovery of 
silver and terephthalic acid resources from exposed photograph­
ic film. This process is basic to this proposal. MTU's Bureau 
of Industrial Development is staffed with University engineers 
and scientists experienced both in basic research and in making 
practical industrial applications of that research. Its per­
sonnel are experienced in working with private industry in the 
solution of problems such as the elimination of the cyanide 
contominated film chips. (See Appendix C and D). 

:I I. THE PROJECT 

A. Elements of the Problem 

Of immediate concern is approximately 12 million 
pounds of cyanide contaminated film chips, although most as­
suredly there are other unknown sites harboring ever-growing 
~.tockpiles of contaminated chips. The subject material is ei­
t.her loaded in trailers or remains in unconfined piles on 
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lvc.r<Ohouse floors. These piles are composed of incompatible 
plastics mixed together along with dirt, wood, stones, paper, 
and other unknowns. From the standpoint of plastics reclama­
tion the greatest problem is presented by the presence of ace­
tate film in varying concentrations intermixed with the desir­
able polyethylene terephthalate film. 

The location of the material is in areas not suitable 
for processing. No matter how the material is processed and 
disposed, first it must be moved to another site. Obviously, 
-:he processing site must be environmentally, economically, and 
politically acceptable. 

There are four possible processing and/or disposal 
alternatives that can be considered for the problem at hand. 
As for the first, landfilling, there is a movement away from 
chemical waste landfilling due to the unknown long-term risks 
a.nd liabilities associated with it. Because no one can be cer­
l:ain of these risks, this alternative can be best compared with 
people expecting important quests at any moment and hastili 
sweeping the accumulated dust and dirt under their living room 
carpet, willing to wait until another day to sweep it out again 
for :Jltimate disposal. Also, there are the political aspects 
to consider when landfilling cyanide contaminated chips in 
othe: states. States are normally not receptive to burying 
problems of other states. Additionally, there is no recovery 
of the valuable resources, if the material is buried. It re­
mains a potential liability without any benefits. 

Chemical treatment is an alternative that affords 
cnly a partial solution. Its objective is to reduce the tox­
icity of the cyanide contaminated chips to the allowable limits 
for landfilling. Some believe the present cyanide concentra­
tions allowed for landfilling are too high and, therefore, not 
environmentally safe. However, cyanide concentrations cannot 
economically be reduced any lower using current industrial 
methods. For this reason landfilling the treated film chips 
does not offer any significant advantages. 

Incineration is a viable alternative except for a 
n~mber of significant factors. Even so there remain several 
u~answered environmental questions involving incineration, 
including adequate assurance to the concerned public that no 
airborne contamination occurs. Also incineration involves sig­
nificant toll charges. And again there is no recovery of valu­
able resources. 

The proposed HRC/I4TU method is a patented chemical 
destruction and resource recovery process that has been 
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developed to recover silver and terephthalic acid fi~m spent 
photographic film without the use of cyanide. The process is 
similar to the patented Wet Oxidation Process, which is a prov­
en rrethod of cyanide destruction. In this application not only 
is cyanide destroyed, but one of the constituents of the film, 
terephthalic acid, is recovered. The only discharge from the 
process is a sewerable effluent with cyanide reduced to concen­
trations below 0.5 ppm. 

The costs of treatment and disposal will not be inex­
''ensive. It will require the investment of private and/or gov­
ernment funds. Whatever the investment and whomever the 
investing or funding source, the risks must be reduced as much 
as possible in order to ensure the successful resolution, i.e., 
elimination, of the environmental hazards in the Chicago area 
posed by the known storage sites of the contaminated film 
ehips. 

B. Elements of the Solution 

We perceive the evaluation of four elements as being 
crucial to determining how to solve the cyanide contaminated 
chip problem. First, the destruction and/or disposal alterna­
tive should render the material chemically inert in a proven 
environmentally safe manner that is acceptable to the public. 
Legally safe might not be good enough. The chemical destruc­
::ion of the cyanide combined with the recovery of terephthalic 
acid appears to be the most viable alternative. 

Second, the contaminated material must be contained 
and secured in a safe manner. It must prevent public access to 
the stored material and the leaching of material into the 
ground water. Since the material is now located in areas nei­
ther compatible with processing nor disposal, it must then be 
safely @Oved. To accomplish this we propose bagging the chips 
in plastic preparatory to movement to the reclamation site. 
This will provide immediate containment of the material until 
ready for processing. Loaded in trailers the bags can then 
be safely moved to the production site at 1716 W. Webster 
Street in Chicago, where there exists the necessary building 
~acilities with the required zoning. The bags will minimize 
human contact with the material, since the bags themselves will 
be processed along with the material. 

Moreover, the presence of acetate film in varying 
concentrations in the cyanide contaminated material presents 
the main technical problem in our reclamation process. The 
process must be adjusted for the particular concentration of 
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acetate. Therefore, the material first must be statistically 
sampled to determine the acetate concentration. Also, the 
higher the concentration of acetate, the lower the production 
~f terephthalic acid. With this variance the cost of reclama­
tion will then increase proportionately. 

The factors involving acetate also support the desir­
ability of bagging the material. Bagging provides the means 
for properly mixing the chips during processing, to assure the 
uniformity of the acetate throughout the material and to yield 
the best quality terephthalic acid. 

Third, there must be a timely solution. Subject to 
the capacity of the reclamation processing system, it must be 
"nderstood that our processing will take about two years to 
complete. Construction of a 1,000,000 pound per month plant 
will allow reclamation to begin relatively quickly -- in about 
ten months. 

Bagging will alleviate any concern over the time 1n­
volved to complete our processing. We realize our process may 
require greater initial time then, say, landfilling. However, 
once completed, there is no lingering decades of concern over 
environmental effects, as there would be with landfilling, e.g. 
concern over leaching to the groundwater. 

The fourth element of the solution involves the costs 
and risks associated with the processing of the cyanide contam­
inated material. We know the costs of our process, but we 
cannot quote an actual figure until the project is precisely 
defined. The costs will vary according to such factors as the 
scope of the project, the schedule of payments, the actual 
weight of contaminated chips needing processing, the concentra­
tion of acetate in the contaminated material, and the system 
redundancy required by the State of Illinois EPA for safety and 
other regulated aspects. Project financing can be arranged 
.~fter a contract is signed with the State of Illinois, speci­
Eying the amounts and sequence of payments. 

IV. CONCLUDING COMHENTS 

MRC and MTU are interested in providing the solution 
to the cyanide contaminated film chip problem. We are already 
ln the plastics reclamation business and we have already 
i.nvested considerable funds to solve this problem. At the com­
?letion of the project, we will have taken in some 12 million 
pounds of waste deemed hazardous, chemically destroyed the cya­
~ide and recovered terephtalic acid from the film chips. 

-4-
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This unique enterprise, involving private industry 
and a university, gives both a practical and scientific dimen­
sion to this solution. MRC handles millions of pounds of 
plastic scrap every year and MTU's patented Wet Oxidation pro­
cess is currently in operation processing hazardous wastes in a 
lat~e industrial installation. 

The long run benefit of the patented process is that 
it replaces the need to use cynanide in the reclaiming of sil­
ver from photographic films. Using this Wet Oxidation process 
will eliminate the cyanide problem from recurring in the fu­
ture. Thus, in accepting our solution, not only will an envi­
ronmental problem be permanently solved, but a new Illinois 
based industry will be created. 

-5-
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APPENDIX A 

MRC FACILITY LAYOUT 
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MANAGEHBNT OF HRC ENTBRPRISBS, INC. 

The senior management of l1RC Enterprises, Inc., consists of: 

Name 

Aras G. Staniulis 
Daniel L. Eberhardt 
John A. Wertymer 

Vice President 
President 
Secretary/Treasurer 

~·he following is a summary of the background of each of the 
persons named above: 

l. Aras G. Staniulis 

George Staniulis has worked in the plastics reclamation busi­
ness for fourteen years. He began his career with Thermold En­
gineering, Inc., a subsidiary of Thorne United. This company 
was an integrated manufacturer of plastic tooling and molds, 
plastic vacuum forming and fabrication, and a manufacturer of 
vacuum forming equipment. There he acquired valuable on-line 
experience as a purchasing agent, production scheduler, and 
cost analyst. 

Later Mr. Staniulis joined Bagle International Corporation, a 
thermo-plastic scrap reclaimer. As an Eagle Vice President for 
six years, Mr. Staniulis was totally responsible for opening 
their Los Angeles facility. There he operated a successful 
profit center and his responsibilities included developing new 
business, production, and marketing of plastic scrap throughout 
the United States and to other countries such as Spain and 
Taiwan. 

During .the past four years Mr. Staniulis has directed MRC En­
terprises, Inc., in the areas of research and new product de­
velopment. 

In 1968 Mr. Staniulis graduated from Wayne State University, 
Detroit, Michigan, with a BS degree in marketing. 

2. Daniel L. Eberhardt 

Dan Eberhardt is an experienced manager, becoming the City Man­
ager of the Borough of Greentree, Pennsylvania, at the age of 
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24, immediately after graduating from the University·of 
Pittsburg with a MBA degree. Mr. Eberhardt also holds a BS de­
'3ree from Northwestern University in Environmental Engineering. 

After a successful tenure in the public spotlight, Mr. 
E>berhardt returned to Chicago, where he worked for Thomas L. 
Jacobs & Associates, as a management consultant. Here he 
•Jained valuable experience analyzing the operations of several 
public "businesses•, including the huge, multi-million dollar 
City of Chicago motor vehicle repair organization. 

Four years ago Mr. Eberhardt founded Campus Painters, Ltd. The 
company now employs approximately 50 painters and carpenters 
and grosses close to $1 million last year, making it by far the 
largest house-painting company on Chicago's affluent North 
Shore. 

~' For the past two years Mr. Eberhardt has performed as President 
and General Manager of MRC Enterprises, Inc. 

3. John A. Wer tymer 

John Wertyrner has had major responsibilities in the start-up of 
~u@erous businesses 1n the years since he graduated with an MBA 
from the University of Chicago in 1969. 

In his first job, Mr. Wertymer served as Assistant to the Chief 
Operating Officer of New Community Enterprises, the development 
Df the Village of Park Forest South, Illinois. The company 
·=Jrew in four years from four to two hundred employees. During 
that time Mr. wertymer's duties included line responsibilities 
such as Director of Engineering, Superintendent of Land Devel­
opment, and Vice-President of the Park Forest South Utilities 
company. As Director of Engineering (Mr. Wertymer is a li­
censed Professional Engineer in the State of Illinois and a 
9raduate of Civil Engineering from the University of 
i•lisconsin}, and as Superintendent of Land Development, he ad­
ministered the planning, designing, and construction of mil­
lions of dollars of land improvements. As Vice President of 
the Utilities Company (he was a licensed Wastewater Treatment 
Plant Operator in the State of Illinois}, he was responsible 
for a multi-million dollar expansion program of the wastewater 
treatment plant and the water supply system, including pumping 
stations and water storage reservoirs. In conjunction with the 
environmental studies faculty at Governors State University he 
applied for and received Federal approval 'for a 4. 0 million 
dollar wastewater recycling system. He handled presentations 
to the Illinois EPA, U.S. EPA, NIPC, and the ICC. 

-2-



-

APPENDTX C 

MTU PATENTS AND 
KEY RESEARCH PAPER 

-



i. 

._ ... , 

il 

,. 

-·United States Patent 1191 

Fasscll et al. 

{54 J RECOVERY OF SILVER AND 
TEREPIITHALIC ACID CO~IPO-<E:-:TS 
FRO:'<I LIGHT SE:\SITI\'E FILM 
~IATERJ.\L 

1751 

{73) 

!22) 
121 J 

152) 

151) 
1581 

!56] 

Inventors: W. Martin Fass~n~ Newport Beach. 
and Doaald \\', Bridges. T rvine. 
bo!h of Calif. 

Ab.signee: Barbt.'r-Colman Company, 
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field of Search ...... 2fl01525. 515 P. 475 D! 

4:!3/23. 35: 75!1 i 8 DIG. P 

Rererences Citl'd 
Cl"ITED STATf'S PATENTS 

3.544.6:!2 12}I9JO 
3.0~0.3 11 :/J9b! 

Englomd .... . ..... :!:60} 51.5 P 
Mo ... crip ...................... ... 2601 525 

-
Ill) 3,953,502 
{45) Apr. 27, 1976 

).658.894 4/197~ Juveland et al .•................ ::!60i.5'25 
).317..519 .5/1967 Lanrus f!t aL ............. .lflOJ~:W. 3 
:!.131.072 9/1938 R<!id ..... ··--····-·-······--··· ... 75/118 

Primarv Emminc.·r-Anton H. SuHo 
Attorney. Agent. or Firm-McDougalL Hersh & 
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[57] ABSTRACT 

The process for the recovery of silver :md terephthalic 
acid component from -scrap film of a light sensitive 
sil~r~er compound on a Mylar $UI:<strate in 'Whi;:h rhe 
film is subjected to at lea~t a pm1ial wcr oxidation in 
an aqueous_ alkaline medium at elevate-d temperature 
and pressure whereby the \-Jylar ~ubstrate is de­
polymerized into component~ which remain ~ ... \luhlc: 
in the liqujd reactant whjJe the silver component 
remains in~oluble therein to ~r:ahle separdtion of th-e 
silver component and rhe subsequent recove-ry of 
terephthalic acid compunent hv acidification of the 
Hquid phase. 

16 Claims. I Drawing Figure 
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RECOVERY OF SILl~ A~O TEREPHTIIAUC 
ACID CO~IPO'\ESTS FRO~! Ul:IIT SE\SI"rii"f: 

fiLM ~1.HERIAL 

This in\lention relates to the di~p0sal of photo­
graphic or X-ray film and p:trticularly to the di"PllSal 

5 

2 
-;liver cmuhi~~lllll'1b..1ating. is .;,cgmen!cJ a' hy .::-uitmt-·. 
~h~)roing. heating. or other meam of <>ubdivbion 
inhJ rdali\'ely small p3.nick-.. which are then :-.ul~)\'Cted 
to wei oxidation and pr~ferably panial \-\'el O\idJtJOil 
in an aqueous alkaline medium. with con~tarn ;1g:ita· 
rion. and at elevated !::::mper;,ilure anJ pre-ssure. for .i 

time sufficient to effect clea.,·;:1ge of the poly·e-~[t:r for 
~eparation of rhe tcrephthalic ~teicJ component. The 

10 br,:al-.dov.n of the polymer and the cleavage ht:h\Cen 
the terephthalic acid component and the glycol o-f 
which the Mylar is formed is believed w rc:~ult from 
a combination of hydrolysis and oxidation under the 

of expo5.ed and unexpo,ed photog.raphic or >.>r<.~y 
film of the type formed of a !-ifveJ ha!iJe emubion 
coating on a ba~e formed of ~tylar tmethyl tertph­
thafk-ethyle-ne glycol polye~tert. and still more par­
ticularly to t!-te disposaJ of such material in a manner 
which enables sub-;tamially complete recovery of 
silver from the emulsion coating and the tercphthalic 
<Kid component from the film base. and in \.lihich 15 
such disposal and recovery can be carried oul in a 
pollution-free manner. 

ln our copending applic~tion filed concurrently 
herewith. and titled ··The Process for the Des1ruction 
of Developed and lJndeveloped Photosensitive Film 20 
and the Recover-y of Products Therefrom··. Serial 
No. 465.801. filed May 1. 1974, description is made 
of a process for the destruction of developed or 
undeveloped photosensitive film or silver halide 
emLJision on various organic substrates. b} wet oxi- 25 
dation at elevated temperature and pressure. in 
aqueous medium containing a silver complexing com­
ponent. such as an amine or ammonia. whereby the 
s:ih er released from the co:Iting on the substrate is 
converted to a soluble silver complex while the 30 

organic substrate material is consumed during [he 
wer oxidation process or p~trtially oxidized to usable 
organic components which can be recovered from 
the effiuem of the wet ox-idation reaction. The silver 

35 
is separated from the solution br conversion of the 
silver from the soluble complex to an insoluble salt, 
such as by the addition of sulphuric acid to convert 
the silver complex to a separable insoluble ~ilver 

sulphate: or by electrowinning the silver from the 40 
solution in which an acid~ such as nitric acid. is added 
to enable plating out of the silver from rhe solu!Jon: 
or by reduction with hydrogen or other reducing. agent 
10 convert the silver from the soluble complex to 
metal solids which can be recovered by conventional 45 
solid-liquid separation techniques. 

In the process described in the co pending applica­
tion, the formation of unde5-irahle silver azides is 
possible and processing to maximize the recovery of 
silver reqllires treatmeOl of the liquid phase. after 50 
silver separation. since some of the silver stiU re­
mains in solution. 

lt is an object of this invention 10 provide a method 
for the processing of scr~p light sensitive film. in­
cluding exposr:d or unexposed light sensitive ma· 55 

·terial. in which the recovery of silver is maximized. 
in which ~uch recovery can be made in a simple and 
efficient manner with tile expenditure of a minimum 
amount of lime. malerials.. equipment and labor. in 
which when the film base is formed or Mylar or orhcr 60 

terephthalate polyester. the rerephrhalic acid com· 
ponent c-an be recovered in good and economicaJ 
yields, and wberein such recovery processes can be 
carried ('Ut •;,;jthout polluting the environment and 
Y.i:th 1he elimination of \Crap film as a potential 
poUutant. 

65 

fn acc0rdance 1.\.ith the practice of this in-.,t:n!ion. 
the MyJar based film. with the exposed or unexposed 

operating conditions existing within the reactor. 
While wet oxidation be-yond the minimum to 

achieve Jepolymerization and -cleavage can be em· 
played without jeopardizing the reco\'ery of :-..ilver. 
il is de;;;ir.Jhle to minimize the- amount of e.xcessive 
o.\idation if recovery of the terephthalic acid com­
position is an objec1ive, since additit.1nal wet 0.\:ida­
tion will result in additional combus:lfon of the db-
solved organic phase. with ~orre~ponding reJlJctlon 
in chemical oxygen demand tCODl of the -.,olution 
and corresponding los~oftcrcphthallc acid l·omponen!. 

Under the operating conditions dc~crihed for com­
plete and preferably partial oxid::tti9n of the organic 
film substrate. the undeveloped silver halide or the 
reduced silver in the ex.po..,ed ponion of 1he emulsion 
coating- remains jn-.o1uble \'ohile the f)r!!:mi' film base 
is reduced to a soluble state thereby to enahk simple 
and efficient separation of tht: sih-er pha~e by com·en-
tional solid-fiquid -..~paraliL)fi m~an~. .;.uch as t>y 
filtration_ centrifugal separ3tion. dec:tntJ.tion. ar:d 
the like. The terephthalic acid cornpone-m. di~-;olvt'd 
in rhe liquid phase. after ::.eparation of the silrer com-
ponent. can be recovered by acidification of the 
alkaline solution whereupon the 1 erephthalic acid 
component precipitates ~ince it has very !m..- solu­
bility in aqueous. acid medium <less than 0.0: g_rams 
per liter at 25 "'C). 

Light sensitive silver halide coatings on fJim Mylar 
substrates represent a large segment of the marke-t. 
X~ray film. often referred to in the 1rade a.."i "mcdiclli 
green .. is a major factor in the total film m:u~et and 
is almost e-ntirelv formed v .. ·ith a i\.-l}htr ~uhtnne, 
The photograph!~ film market and the movie. tilm 
market is increasingly making use of Myiar as th·: 
film substrate. Since terephthalic acid represent!-, a 
valuable ingredient. currently in shon surrly. con· 
sidc.rable interes.t is expre~sed in the recovery of 
terephthalic acid either as a principal producL or a .. 
a by-product, from the destruction of expo~ed or 
uneKposed film and the recovery of silver thertfrorr... 

The process of this invention wiU he.reinafrer !'e­
described by reference to !he following ex<:mp\es 1 
to 15. and the accompanying flow di;:tgram. The 
examples are given by way of illustration and not by 
\\·ay of limitation of rhe invention. 

The following is an identification of the v;"l.rlou!> 
film materials that were processed Jn rhe cx;~mpJc::s: 

----------------
f-ilm Sil'-'~r Coli· 
Code General Description tent, 'iiw Other 

\IG :\-iedic;11 H 6 ~ m:•Hure 
Green X·n.y Film. un- Rt>.~ \t'!.:!ilel> 

l"\.PP~¢4 7 J ,e)ii!uc-
BLC lndu•.ni<~llilho):;fnflh;,· fr1m. 1.! ~ck:1rt 

non-MylaT ba .. e. e:~:po'ot.-d :!."7 ld.1rkl 
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EXA~fPLES 1-15 

------Olhcr 

5 

JD 

4 
ln the e:~ampies. \"<lri.tliOil'l Wi.!''l..-fnade in tht: ml.'an 

te;11:-1ion ti'mrcratnrc. re:tclion lime. ha<.e m;ucriaJ 
:tnd film ... to...:k. :t~ 'el fu1 thin the h1llcl\\in~ t.1hnbiors. 
\ll lktermine the effect of the- .... e vari~l'>leo. On-there· 
covery of ~ilver. l~n.•phthalic at:id Cltmponcnt. and 
cumhu..,tion or <\rgamc m:netiaL Examples 6 anJ J(l 

v.ere :u~·plcal on :tccount l,f low pH and other \•ana· 
t.le'i. hut -.vere in-chJlkd for purpose!) of c-ornp:1rison. 

All of the <maly~t-s recorded in the following 1abo­
lation \\ere carril'd tllll in ;1ccordance with the pro-­
cedure~ detaik-d in the EPA manu~! tilled ··MexhodS­
for Che-mical An;.,lysis of Wata and Wastes.-1'971"". 

The reaction mixture '>\a!> mea':>ured for pH.chemi· 
filf:' run) r·f F."'~~mpl>!s J -15 n:ere eac.h carrie-d {}Uf 

in ;m auw1:bse rl!":tctor having: a capadty of one gallon 
and \\ilh ·.he q Iinder. bam(' :md ~tirrer formed of 
rllanium. 

[n ~<•Ch nample. the rea~tor \\·a~ charged with 
1470 rnl or di«tilh::d "·:ncr and the calcul:::ned amount 
of 1Hm and b:..~..,e materi::...l. and the ~lirrer v.:a,s operated 
<It JQ(tO r.p.rr .. 

15 cal Olij'!_!.en demand ICODJ. and for silver b}· aromic 
ahsorption. Cylinder liquid wa ... tested for filter.able 
solids on a ~o. I medium gmdc \Vhaunan filler paper 
and te-rcphtha(ic acid component {TPAl. Tile: btter 
im•olved acidificalion or the filtered liquid wlrh nitric 

Tfle- auw-cla\:e ,.,.-a._ then cios.~d and the specified 
<lmol.!nt of O\~·gen wa'S added a~ pure oxyg.en. The 

rnperatu·e- ·,.~.·ill"- in the re<tcl;::•r wh raised 10 a speci­
~!·l~d rt:";-H,:tion 1em:terature and the re~ction w-as con­

tinued for .:t tJme .. all as hcr~in3fter ~et forth in the 

20 acid and subsequent gravimetric dctcrmin01\ion of 
the the precipitate of terephthalic acid component 
re-mo\o'ed on the filter. The percentage s-eco\tered 
TPA \\as based on the ass.umption thiit all of the 
non-moio.:;rure. volatile re':>idues in the film were purc-

:!.S Mylar polye,ter. The ultimate or stoichiometric ·rrA 
conlent was calculared in accordance wirh rhe follow-

~~;:con!pan ~, 1ng ta .~tlbtion .. 
Ar !he conclu~.wn of The mn .. the reaction m;;uure 30 

wa:- ct~ok•J rapidly l;ly extern:tl water quench and the 
· rc:a,;:t~.)r \'.':.....~ then •.Jp:.:ntd. The cylinder was examined 

:wd the re.w.:uon product ;:mnh·zed for rhe mare-rials 
cmtainr:::d lherdn. · 

The effl .lent from the reactor was rihercd to remove 35 
the in.-.olu -~~e, \~.hi..:h induded rhe recoverable silver 
a;,d sil\er '1aliJe et)rnponents. 

Thl..' tiJL·ate w:1s then acidified v.ith nitric acid to 

pre.:-ipft:ne rhe :l."rephrhai!c acid componenl vobich 
\\a~ tihcrec:J off and then punfied to remO\C: entrained 40 
!oolh cr t'-\ re~n-.pt::1-..il\n in t:thyl alcohol and filterinf:. 
Enlrainr:d sihe-r rematn~ '>\ith the filtrate while the 
runtled it: rephthnh~ <1~1d component separate~ a~ a 
<,~llid_ 

ing equation: 

J:!rms "olatiles 1 gTm poly~ 
10.<1 gmms film X 0.86~5 ------X C-'::.CC0:2::::: 
· p-m film I gr-m volaliles 

166 grm"' TPA 
~~-3'1 pm~ .. TP:\ 

The recovered tcrcphthJ:Iic acid cOmponent was 
ch<tractt:"riud ~y fR analysis.. Two import am evalua­
tions >.vcre the COD and sih·cr content in the fimd 
liquid efnuent. As. a ha.;,is for comparison. the lheo.­
retic.al tolal COD of diluent.. I!'iing medical _green 
film, is about 34,500 mg/ I 0. ·n-,e theoretical silver 
level in- the final emuent v..ou\J run between 900 and 
I 200 ppm if lotally dis.s.otved. Fm the pUrf"'~ of this 
e\'alualit)n. no qu<:inti1ative material 'balance wa!. 
anc-mpted on silver beyond .;;.ho-.ving its ab~nce in 

..... , Bl:'f,'~re t: ;lCh rur:. the ;·eaclor wa' thl,wughly cle~o~d 
,.\Lrh ~~ nit ·ic aciJ rin:-.l .. fullowr-d hy ckiining with a 

.;,:(tUrm,!.! pnwder. In Ex<~mple 5. the reactor ~.vas­

funhe purf!t'J :'Y pressun.z.ing_ and depressurizing. 
with niuoj;en g.a..;. 10 tliminatc otny OX)'fen that might 

45 the filtered liquid eflluent. As the results di:;cuss~d 
herein:.~fier indie<tle. the !0-ilvt:-r ..:onte-nts of the fihered 

ha\C: _he-en pre,enL 50 

effluents from all rhe :e-.:ts H:c-re very low compared 
1.0 the theoretical potential le"'el of 1000 ppm. Th1':> 
is helieved to e<;.tal:-h'h that the silver was separated 
from the water :-..Cllubk TPA s.alt. 

'· 

• 
., 
'" 

TABLE I 

-·~- ---- -~ ----- . --- --- ---- ----~-- -- -----

lrnr> U,lt\1.'1 
I rn~ 

-1f,J ~ll.lf·ll 

.J.Ia, 1) Jl:'fi . ': '"-"-:-:' 
;,.;_., ht.\1 

'"'J ;-·-= : ~. 1f,l) 

.~ll.'· ~: .\hll 

_; .. - ;: .• ... n 

~'Ito \11 .... "7"-

~)-of, lH.5-'-

R.·r. 
fml<:. 
nJIJI 

1;1, 

l.~l \ 
1:-'-' ,-. 
I .. 

:""_ ~ 
l ~ : 

l> 
:h 

:•l 

·\mt I P \ I:'! ~1h::r 1.<1 

H.,~.; R:~~~ til Ft\m R~nn- mhll 

""'""h ' 
cr~. ··; L~o..; ppm 

·-------------·-- --
,,,OH tn~ !l.kJ (;r 1\~ -1 ,, ' 
\,ol!H ,,. ~kJ_ {;r : II:< 0 u_..; 
S:1t ~ll ,-, ~lrJ {ol. ,. 

' : ~ 
, .• uH 176 ~h:·J ... ~~.to :u 
,,,oH l"':tl :O.bl Ctr t-, .. ~ '" !'o-.rnH J'h \l,-d ,., I ' 
:-...tOH ,-, ~1c-d. (ol 1:.: '. ,,, 
,,,()H " \kLI {If. lL~ tU 

;Q1 

~.,(It! ,. \.Oc••l '" 
:;:,:_; '" ....... oH i .. to \I I'll. t11 ~'l-: :':.h 

S S. !4J ".~ of SiktTOI 
m I JQ CODt~l coo ibl in Di!!~t 

flf'\11 m)!:.'l 0 Duew ~E- ppm 
TI'' 

llllW. ~1.733 !l-U 
115-:." :."~A50 IJ . .J 
!>'16 ; I !~h~ t>i5 ,,, 

~<;-~U~ fof;.K 
;:(11 ::'L'7l 53.--4 
~to-! ::_::_ __ ':ttlll 
::'-;'to 1;.'\.fU::l l'i.O 

..l"l; !11-.::.7~ :'.I 

~l!f'o ::>-.•HQ "" :• ~..-~ f>l,l 

1-

,. 

' 
If 

t; ,, 
d. 

" k 
p, ,, 
' 

:' 

41•· 
1hc 



.>n 

·"I 
_ln.. 
rc· 
,:1J 
ill 

~JJ· 

,,n. 
o)U-

l(l)-

,d:-. 
'!"'. 
·nn-
mic 
Jhle 
:ra 
;tlL'f 

;iriC 

' of 
-,ent 
~red 

lht> 

;'UfC 

rPA 
io.v.-

l P:\ 

\'.as 
alua· 
r!n<::.J 

lhe-u­
r:rcen 
~ilver 
n :md 
;f this 

, .. :l~ 

KC in 

, .. ..,. 

u-.. .. ~d,.._. 
IJt;·ed 
.pred 

fhi!> 
.J.f:l.ie-d 

·l'n •ft 
1~=--=-: .. z 

i'r'lt 

3.953.502 
6 

f<~blc 1-conlinucd 

------------· ----- ~------------------------, ~ 
An>:~I)Uc.al Re~ull~ Ptlnl'lf".JI Varr.1hle• 

----..! -----------------------

''" \h:an R:tn .\mt +TPA 1~1 Silver t.l 1 S S. t4l q <.Jf Sd .. cr t71 
No_ r.,.mp. 0. I C\ld T1me B .. hc: B<~'e 1 J\ F1lm 

,, 
R~n~l-- in Fill. Ill L1q COO L~l COD 16.J in D>gc-~1 ., mg m" StiliCh '[ Cf}'. V(- t.iq. ppm ppm mg.'IU Due IO FE. ppm 

TPA 
' 

II 3~ ~'J . .ftRU 1:'9 h.OU 116 "'rl Gr., 8l.4 ~-0 IOK4 :.!8.!06 6:!.K 

" ]~(} J 1.0~[) 14~ Na,ro, lit. \kd G.r. 94.2 0.} )73 !8.697 71.9 
lJ ,., Jj_t)J s I !5 NaOH J7b BlC L:! 145:! ~0.985 .l\10 

" i~f> J:'..Jf>O 130 NaOH "' !>1i~cd j " 17 10::!0 21.480 36.1 

~~:) li 
16> 

f))) 
(12) 

15 -B9 ]0575 134 NaOH \16 II 0.1 !56 10.162 

111-Pcr,cn:~.: ,.r 'k•i.-h:1'ml1rt.. t...~c •eq~ir.-.:l m !.m;, tilt ~,><.t,~•n .~:t {If t•·•~phtfd•c aeio..llTPAl. 
Ct fi.>-...1 <>~ f .. ·~:<•r,.roc.al 'ft'.'- ""Jlt<:<ll ~'""'""'J>~ n.m-mt•,,;;,.c. '.oJ!:il!ll~, dU IOU' r M~·l3r_ 
t)) Sd~cr d•·~••l~,·oi io l«wu! ~I ern! ul •ca.": ton . . . 
1.t1 su,,...r .. kd w[od, on ,-,llnda" lufooJ "'tuch .,.,. remu,.o:d I'\ ,,-,.,.~.:-: fihr.J.\Ion-narm:nhzcd li> :accounl for pOT ''-"ume. 
r<, COtl-nurm .• !ll~d I·> .. ~~nt I.>! pot '"!~me ~rd COD com.enl. 
tf>l Ptr~~~~·.,o;e Ill (00 du~ tu r=•.:r~.J TPA 
t ?, S•ht' m lin~ erT:.o.:•u ~fiC'f '>QI;j-. "'Cfr dt)-'r'l.:.:. "Iii> .. ~id 
181 . .0.h" ,.,._, ... e,...J unh~drolp~ t\im 1<:r "t .:h.<f~COI 

;~;~:~f~~~,~~>l\ ~r~~!~1~f~:i.''::/t~h~-;~::~~ .. :r • ..: ~t:o~~• 1r:du~md'- c .. mp rcn,;!h:w~. tc:ar m~dicaJ and rTE..-. 
1 til s~\cll ••n a •• ,.,.;P""' ,n.,, the \h·,;,r ra-"d i;lm~- Bl anJ CP-hoJ~c mToil.or \-1)1..,. con<cnt 1u th;u af med. green 
11:1 (c:l!u!o-~ iii-.:-h ''"''·"n~. 

The role of OX}'!!en in the wet oxidation process 
is indicated by c~_)~pariwn of E'-<-tmples ~. 4 and 5. 
"·herein the oxygen level ~.-as varied from 31.020 mg 
in Example~- to 660 in E-.::1mple 4. and the complete 30 
absence of oxygen in Ex:1mple 5. It will he seer that 
silver recovery. as indicated by 1he absence of 'iilver 
in lhe fillrate. wa!!, equal!y low (0.4 ppm in the m~ 
tra.te) with and \ol.'ilboul oxyge-n. indica1ing that the 
separation of sih·i:r from the filin Dase was not oxygen ~5 
dependent. On the other hand. the amount of tereph· 
thalic acid comJ:Onenl recovered was considerably 
less in the ab::.ence of oxygen. indicatinp: that J.t least 
pania! oxidation in the alkaline wet oxidation process 
Is beneficial to the cleav<.l~e of the polyester into its 4.0 
comJ"IOnents.. 

rnixturt" afler fihr.uion is seen to be somewhat inde~ 
pendent of the amount of oxidonion unde-r the condi­
tions described. 

Relatively low susceptibiliry of TPA to ~et ox.ida-. 
tio-n. by comparison with other organics in the liquo:-. 
j~ indicated by the tess.er reduction iP. COD due to 
TPA by comparison with the f'nlire system. This 
indicates that the terephthalic acid factor rem~1ins 
sub::.tantially hii!h tinder the reaction condili!)ns 
described to make it interesting to provide for com-
mercial recovery of the TP.-\ a~ well as. the silver 
from scrap fiSm. 

The amount of oxygen introduced is therefore not 
significant by comi='arisor. of Examples ~ and 4 from 
rhe standpoint of the TPA recovery. bu[ it isdcsioable 
to have o.\)-gen prt:sent to provide for at lea~t partial 
ox.idation of the or_f!anics pres.ent in th~ S}'5tem. 

The oxygen can be added as pure osygen. in the 
desired <:mount in a batch operation. but from a prac~ 
tical swndpoint and tor commercial practice- wherejn 
the recovery proce~"i can he carried out on a con­
tinuous or semi-continuous basis. it is deo;irable con-­
tinuouslr to introduce the oxygen into the reaction 
medium, in the form of an oxygen containing gar:. 
~uch ac;; pure oltygen. and preferdhly in the form of air. 

From a comparison of Ex.amplcs I,:::. 3 and 7. it 
will be seen that recovery of TPA is at a maximum 
at a reaction temperature of about 350°F \'t-'ith iiule. 
if any. decrease in recoverable TPA up to 400°F. 
Thus it is desirable to make us.e of a reaction tempera­
ture of at least 350"F with !he up;.ter temperature 

45 limits being dictated more by ec;.)nomics and safety 
factors~ since the autogenc·us pre.!.surcs maintained 
within the react.Jr c.re temperature dependent. In th~: 
preferred practice of the invention. use is made of a 
reacrion temper . .uure wirhin the range of325~--.t25"F 

set and prefenbly within the ro.J.ng:e of 350°-375~F. at 
corresponding autogenous pressure for a clo~ed 

For thi, p!.lrpo~e. use- can be m::tae of;;, o,.v:::: vxida~ 55 

lion rc<:~-:tor. 5l1Ch as descrihed in our copending_ appli­
cations Ser. !'o. 400.123 filed September 24. 197J.. 
now U.S. Patent !'\o. 3.870.63 J. and Ser. No. 403.652 
fik:d Octoher 4. 1973 now U.S. Pato:-nt No. 3.852..192. 

60 
By comparison of Example.., J. ~ and 3. ir will be 

seen that the amounl of Cllmhu..,tlnn of organic~ in 
the reaction mi \tnre i!>~ pn'rc-nional to the rea~tion 
ternper;..ture. with hut httk ."':h:l:.wl redu..::tion in COD 
occurTing at a re~r.:tion lemper:tmre of 353"'F (EJI~ 
<~mple ]) or below. and n·ilh incrc:t.,ing reduction of 
COD at higher rt:action tcmper..nures ... uch a~ the 
~OO"F or F.x:,mple::! and 4fo.4°F 1.1f f.\ ample J. Ncver­
thelec;s. 1he amount of !>ih•cr remammJ;, in the reac1ion 

system. 

Example 1\) indicates that reaction time of 30 
minutes is sufficient at ret:lction tempcrdtures of 400' F 
and at a pH of 12.8 to 13.2. Longer reacti9n times are 
desirable at lower reaction temperatures. such as 60 
minutes at 350°F, but wi{hin the preferred tempera­
ture range of 350°-375~F. i.l minimum of 10 minutes 
and a maximum of 180 m1nutes is emplo~e-d. v.ith 
the preferred reaction time being within the range 
of 30 to 60 minutes.. 

The amount of Pase in the reaction mixture. sub­
jected to Wel oxida!fon. bears <:on-.,iderable innuenc.e 

-on the <.~mount or TPA 1hctt io;; m:~de re-coverable by 
the proce~s of this invcnrinn. This can he ... r be e.x­
pres~ed by the theor-etical ..1.mount of b;ts.e required 
to react \.¥ith the TPA to neutr:Jiize !he acid and 
from the corre~pomhng m~tal salt thereof. The values 
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7 -g:i·Jen tn tht: !~hie are ndcultl1cd on the stoichiometric 

:m1t)Unt a:r. J00'7c. Thus the v,due of 38r;( in Example 
~- and 76'~ tn E~ample 9. indicate~ an amount 
1.:Cr-re<.pL1ndmgto about ·he and 2.1. respectively. of the 5 
...,tnich11.Hne· ric arru)Unt of ha"c whereas the value of 
I i6(-'i indi{:ates ar. cxce!<.s of 7flr:f over the stoichio­
m.:-tric -amoJn:. It ~-iH be appare-nt from a comparison 
of Ex:1mplcs 8 anJ 9 \vith E>..amples l. :! and 3. for 
in·;rance. ihal wirh :tn .amoum of ba!.e less Than 10 
stoichi,)melri-c. rhc recovery of TPA falls off con~ 
siderahly W prac1ical!y zero recovery at 38% of the 
stoichiome1ric: amnunt. The recovery of TPA drops 
or)y f:TadLally above 200t;( of the stoichiometric 
1:'1ut it is unde~iraHe 10 make u:-.c of an amount of base 15 

in e\cess c: 9{10<;~ of the stoichiometric amount. 
The am(llmt of hase can also be expressed from 

the -;J.;,ndpoinl of pH of the reaction mixture. For 
imtance. at a pH ofles$; than 9. the recoveryofTPA 
is quire lov .. Best resulis are ~ecured at a pH within 20 
1 ho! range o:~ I C tc 14 and preferably within the range 
of 12 to 13.5. 

As I he b:~se. it ;, preferred to make use of a strong 
.._,se such as an 11H .. ali metal hydroxide or carbonate. 

8 -which rem:.~ins insoluble is easily removed from the 
solubilized TP A in the product of 1he v.-et oxidation 
reaction. 

1fboth TPA and :-.ih-·er are de<iired as products. the 
use of relatively low temperature with a ,mall amoum 
of oxygen represents the preferred practice. Under 
these conditions. TPA recove-ry is maximized '"'hile 
capital costs for equipment i~ maintained at a mini­
f!l.Um. For Special rilm types and for minimum COD 
discharge from the system. I he process can be carried 
out at higher oxygen and temperature levels. 

It will be understood that changes may be made in 
the details of formulation and oper-ation without 
departing from the spirit of the jovention. e~pet::ially 
as defined in the foJio\\tlng cl;;Ums. 

We claim: 
t. A process for the treatment of a pol}'ester formed 

of terephthalic acid for the recovery {h teiephthalic 
acid and sitver whe-n present therewitb as a light !!.Cnsi­
tive compound comprising subjecting the polyester 
to at least partial wet oxidation at elevated pressure 
and a temperature o1 at least 325"F in an aqueous 
alkaline medium having a pH of at least 9 and imo 

''*~~,·indicated by E:-amples 2. 11 and 12. it is preferred 
to make us1~ of ~o1iwm hydroxide or sodium carbonate 
b}' comparison w1th potassium hydroxide. when 
mea<.ured lrom the standpoint of th~ silver which 
re"'lJain~ dis ;oh;ed in the liquid filtra1e after s~::paration 
of the :-.iher !'o!ids from the product of the wet oxida­
tKn :-e3cti.:·n. 5 ppm silver remains in the fihrale 
formed with a ha~t· of potassium hydroxide. Example 

25 which an oxygen containing gas is introdUced in 
an amount to provlde at least partial oxidation of the 
organics present whereby any silver component 
present remain~ in the solid phase and the tercphthalic 
acid component is contained in the liquid phase in a 

30 dissolved state. separating any solid phase from the 
liquid phase, acidifying the liquid phase to precipilate 
the terephthallc acid component. and then separating 
rhe terephthalic acid component from the remainder . I I. whereas .. m!y 0.4 ppm and 0.3 ppm remains for 

..,:)jium hydro-.1de, Example 2. or s.odium carbonate, 
E>.amrle 12. Apparently the silver is mDre scluble 
10 a P')totssium h:'·lroxide solUlion than in a solution 

35 2. The process as claimed in claim 1 in which the 
wet oxidation reaction is carried out at a temperarure 
within the range of 325"-425°F. 

of sod1um :1ydro:~ide or carbonate at equivalent pH. 
E 1:amrles 13. I -l and 15 were runs made on film 

other than m-:dic:-,1 green. As indica1ed heretofore, 
lte\... film is not formed with a Mylar StJbstrate so that 
no TP 1\ was recovered. Ne,·enheless. the recovery 

3. The process as claimed in claim 1 in 'l.'hich the 
wet oxidation reaction is carried out at a temperature 

40 within the range of 350"'-375~F. 

of sit-.,..er w;h ver} high as indicated by less than l 

4. The process as claimed in claim 1 in v. hich at 
least partial wet oxidation reaction is carried out for 
a time of at least 10 minutes. 

"\m of silver in the filtrate remaining after silver 
~•aratioa 

5. The process as claimed in claim 1 in which at 
45 least pa;r:lal wet oxidation reaction is c~rricd out for 

a time within the range of l 0 to 180 minutes. ln f)l.am:1l~ 14. the film treated was made up of a 
mi>;ture of Itel-.. Bl<">ck lndu~trial X-ray film (81). 

Te-ar Medi,_al film ( fM 1 and a mixture from Naval 
Ordnance <CPl. All of lhe non-paper rased films were 
hydrolyzed a11d ti-c contained silver was precipitated. 50 
Ho'll.eoer, fibr .. ,u~; residues from the paper based 
lU:·h fi1fT1 '-'"-:!rf left behind. In Example 1.5. the ltek 
film was re.:.cted .r.:.l hi£hc-r temperature (450°f) which 
hiought <Jb.:mt wet oxidation of the paper and thus 
elirnirwted !'>Ohd ·:lrganic- residues. As with medical 55 
green. onl} trace silver was p:-csent in the effluent 
filtrated from the~t cxamp~cs. 

11 "vill be apn:trcr::t from the foregoing that we have 
rrov)ded a procc·>.; for separi.ttion and recovery of 
sil•;er and t::rcj:·hthalic ac:id from Mylar based photo- 60 
grc.phic film. The film can be readily solubilized in 
aqueous a)Laline ~;oiutions al temperatures above 
301)~F e\·er. in tht! 1bsence of O"C.ygen. lf no oxygen 

fl. The process as claimed in claim I in which at 
least partial wet oxidation Teaction is carried out for 
a time within the range of 30 to 60 minutes. 

7. The process as ~!aimed in daim 1 in which the 
aqueous alkaline solution has a pH above 9. 

8. The process as claimed in claim l in which the 
aqueous alkaline solution has a pH within rbe range 
of l2 to 13.5. 

9. The process as claimed in claim 1 in which the 
2queous alkaline solution is fanned with a highly 
basic material present in an amount of at least 100% 
of the stofchiometric amount required to form the 
alkali metal salt of the terephthalic acid component. 

10. The process as claimed in claim 1 in which the 
aqueous alkaline solution !s formed with a highly 
basic rru:sterial present in an amount within the range 
of 100% to 200o/c of the stoichiome~ric amount re· 
quired to form the alkali metal salt of the tercphthalic is pre~ent, app,ut:ntly about 33% of the TPA from 

thf" MJiar ;s tit::d up as acid :-oluble species ~ince 
on'y a!•out 6791 of the TPA is iecovered upon acidi~ 
!lcatlon. ln the prt"-cncc of_rc!alively small amoums 

65 acid component. 

of Q."-}'f!en. -:~<,cnti.dly all of the TPA in the film is 
solu})ililed as free ,odium tere-phtha!ate. The silver 

11. The process as claimed in claim 9. in ·which I he 
highly basic material is an ark~tli metal hydmxid<! or 
carbonate. 

12. The process as claimed in claim II in which the 
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basic material is sdcctcd frl)ffi the i!.rot1p comis-ting. 
of 50dium carbonate <.~nd sodium h}'Jm:tiJc. 

13. The proce~s. as claimed in cbim 1 in v.:hich the 
liquid phase after o.,cpara.tion of any insoluble silver 

5 
component is <~cidificd with nitric acid 10 precipitate 
the terephthalic acid component 

14. The process as claimed in claim I which in­
cludes the strp of reco"·ering the silver when present 
from the so[id phase separated from the Wei oxidation 10 
reaction producL 

15. The process as claimed in claim 1 which in­
dudes the step of purifying the separ.ued rerephtha!ic 
acid compe>n~nl by treating lhe s.ep;:~.rated tercphtha!ic 
acid component v.,oith an alcohol to dissolve out any 15 
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- 10 
silver retain~d with the tacrh1h;llic acid ctlmrnn~;"nL 

16. A process for :h~ trt":tirnent or ..-cr~tp po!yc-.tcr 
rorml:d of terephthaii-t "'acid for the nXO\'~.CfY of 
tercphthalic acid. comprisinf! !iuhjectin~ the po)yeqer 
to at least partial wet oxidation in an aqueous alkaline 
medium at clevat~d rrc~:-~ure and :.Jt <1 lcmperarure or 
-at least 31S'C and .:n a pH of at least 9 v. hcrl!by thr 
terepht~alic :.~c-id component ill L·ontained in the 
dis!.oh·ed state in th~ liquid phase. s.ep;1ra1in1! any 
solids from the liquid phase. acidifying the liquid 
phase to precipitate the terephthalic ~dd componenL. 
and then separating the rerephthafic acid component 
from the remainder. 
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\57] ABSTRACT 

Tbc dt:Mructinn of dc...-do~d or und~velopcd pholo­
graphic film in a manner which p.::rmits also the rcco\'­
ery of silver and organic compnnents from the film 
material in whicl'1 the film is !iubjcctl."d to wet oxid;J­
tion at high temperature and high pressure in the pres­
ence or a wet oxidation catalyst ::t.nd a silver compJe,.. 
ing compound, and then subjecting the liquor fwm the 
wc:t oxi.dation stef' to processing to sc:parat~ 1he solu­
bilized silver which is freed from the film and to 5-epa­
rate components derived from the film material in the 
liquor th<Jt remains. 

20 Chlims, I Drawing Fi~ure 
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P~OOS~ HJR TilE llf~'>TRVCTIOI'i Of 

t>E\'ELOPED ~MlliNDEVElOl'EO 
PBOTOSENSlllVE FILM ANP THE RECOVERY 

OF' PI{QDtK!S THEREFROM 

Th~ invc01ion rda1.es to the rcc(lvcTy of t.ilver and 
orJt tnlc by-producu; fcom developed or undell'eloped 
liglt-s.cru.itive c:mul!-iun on film, paper or the like b~ 
m~11r:rial. 

An edcns:ivc us.= i~ made of photographic film for 
surveillance, non~destructivc: testing. medical radiogra­
ph), data storare. and the like. in addition to the: JnaS,:!. 

utihutinn of phhtogr.:.~phic film in cameras. the movie 
md:.:stry·, and heme movies. wherein the sihter emulsion 
is u~u:ally pro1.·idcd on a. transparent or- translucent film 
"Suhstr.<~tc formed of Mylar. lnacetatc and the like. Simi­
larly. in -such copy processe~ as the diffusion transfer 
process. for single copy ~orb. and master preparation. 

2 
6 rcc;nc-ry of m-'!rletnble by-producu from the: or· 

~;lnic film s:ub~lr .de; and 
?. decompm.ition oftht ~ut;;_t~att: material and e~ul. 

&ion to prtcludc retrieval of imJ.gCI or Iaten! imeE:eS­
:5 retained thereon. 

Th~ end other objects artd advttntages of this. inven. 
tion ~o~.·i!l herc-unafter appear and for pu1'p'OSC1i of illul­
trnrion, but not of limitation. n now dbgram ls ~uhmit~ 
ted herewith n.~ represcntativ~r: of 2; process cmbodyine, 

10 the fc:aturel. of this ir:\'ention. 
Briefly described, in accordance with the practice of 

this invention. sil"er emulsion coa1ing, developed and­
/or undeveloped. and the organic film ba!.e. such as 
triacctate. Mylar (tcrephthalatc acid esters) etc .. arc 

I~ pl3ced in an autod:ave together with tufficient amount 
of silver complexing agent, such as ammonium. hydrox~ 
ide. to form a complex compound with the silver thal is 
present_ such -a,_o; tn (arm a silver amine complex \\-'hen 
use is m3de of ammonia. 

or in the photocopy of the Polaroid type. considerahle 20 
usc is. m.ade of .silver halide cmulslons on substratc::t>. 
mmally tn the form of high wet strength paper or plastic 
film or the ty~ heretofore described. 

Sufficient eJ.ccs..o; of the ammonium hydroxide is pro-
vided lo insure tha1 the or¥anic dcpolymc:.riz.;ttion prod. 
uct.s of~he film has.c are farmed ato: their con:es.ponding 
soluble .amlne, amide. or the like soluble nitrogen con­
taining or~anic compounds. resulting from the reaction· A cnn!>idcrabk- amount of the material end~ up a~ 

w2.nc and represents a lar_ge res.crve or s.il"'cr which. 
he.::!usc=: of its high intrinsic value and projected shan 
S'..lpply, should be recovered. 

Variou.s lechnlqw:s have been proposed for t.he n:­
covcry of silver from waste of the type describecL In 
one process. tht" fiim is chopped and :;.hredded to libcr-­
:J.H' the emulsion from the film base. The finely divided 
m~!:crial is slurried with v.-ale:r to effect notation of the 
film base .,,,:hile the heavier silver emulsion St:ttles. to the 
hot!!lffi of the flntation lanl. The ~Uied underflow i_o,; 

s.uh)CC\cd to centrifugal scpiir;~tion to concentrate the 
silver !..ahs. which C=.in then he smelted to form ingots or 
ho.~T"" or impure sr!ver capahle of bein[! refined by the 
Tnum proces..s. R~covcry hy the described proces.o;; is 
t:x~ens.i\·l· and often incomplt:tc. 

In another process.. the photographic film IS inclncr­
~te-d and p) rolyzcd .as hy the use of molten :salts 
wt.c1ein reduced s.ilvt:r ::~ccurnulates as droplets and 
s.cnk~s to the bottom or the molten salt bath. ln this 
prn~es..s:. a cons.·dc:r~hlc- amount of the silver is lost by 
Yub1ilintion an.d by incomplete reduction, while the 
mpnic fllm base is lost b) combustion with the rclea.se 
of undcs~rable f!a:-.cs which pollute the atmosphere._ 

!-.·1.my anempts have been made. in rr=cent years. to 
s.<Jh<:rgc the film bsc for re-use. The!:>e approaches have 
not fnund commercial succe55 since lhe cos! of n:cov­
ery is rc:lati,·dy hi_gh and the market for such salvaged 
ba=;.e material is limited. However, where classified d:.itll 
arc mvolvcd. it is nece:i.<>arJ• lo provide for complete 
dc;;lruction of the film base. in order to prevent rc­
lrir!val o~ cla:ssifled infonr.ation, from the image or the 
latent imJ.ge often present a..-; an imegral p<!n oflhc film 
bo:n.c:::. 

It i!.;m objccr of this invention to provide .:1 procedurr: 
for processing de,.eloped and/or undevdopcd silver 
emulsion co.;ncd organic substrates for the rr::cova) of 
!;i}v~r and orpr:it by-products.. in which the procc~' is 
chlr:~ctcrized by: 

I complete reco.,ery: of substantialJy all of the s.i!ver; 
2. trc.atmc:nt ,,r bull material without manual or me-

ch:~.nical pre-processing lo minimize cost; 
J yield of :a rc:finc:d or ez~ily refined silver; ·4. rapid 

processing to minimize si!v<!::r inventory~ 
5 minimum t' nvironmcot.:1l impact; 

25 between the film material of the: film base and the ldffi· 

monium hydroxide. 
The mixture of silver emulsion coated film bast:. 

-..:atcr and complcxinr agent is sul':jected to wet oxida­
tion at a temperature above ahout 400"'F but less than 

30 500"F. and 3.1 ele~·ated pressure such as within the 
T:lll£.e of 500 to 1000 p.s.i.g. an~ preferabJy 650 to 
1.000 p.s..i.g .. ln the: pre~enc.e of oxygen containing g<.i.li, 
such as .o:r.yge-n or air, The: oxygen in the form of oxy­
f!:C:O. air or othe-r oxygen conl~ining gas ls incorporated 

l.5 i.n a r<ttio u.•ithin the rcmge of 0.2 to I of the theoret•ca! 
cherni~al oxygen demand (C00) of the organic mate­
rial that is. presenL The rni~ture of fllm. water and 
compluing agent is agitated sufficient!}· to insure thai 
the rate of oxyg.c::n dis..•miution in the liquid phase is not 

.l.O ratc-limitint: to th.:- wel oxidalion of the materials \,l,.'hich 
are suspended or dispersed in the aqueous liquor.ln the 
preferred practice of this invention, when us~: is made 
of ammonium hydro~ide as the c-omplexing agent. the 
u.·et oxidation reaction is carried out at a tcmper<!ture 

45 preferably within the: range of 4&0"--465°F. with an 
. oxygen/COD ratioofO. 7 lO 0.85. with the ammonia 1.5 

to 2 times the amount required to form an ami.ne com­
plex with the silver present. a.ll or which can be calcu· 
latcd in ad,'ance from the known composition of the 

~~~ ritm material to be proces..-.t:d_ 
Thrc w~t oxidation rc:~ction is markedly enhanced by 

tbe presence of 2 catalyst_ For this purpose. use can be 
ma.de of !'alts which provide- free ions of copper. silver. 
and ammon\a in lhe amount within the range of to-:r.to 

5~ w-~ moles per liter. when calculated on the basis of 
cup~r sulphate, The sih·er catalyst can be supplied 
from the dissolution of silver during the wet oxidation 
r<.::..c-tinn or hy the addition of siher salt. such as: silver 
sulphate:. 

hO \\'hen calculated on the:- basis or ammonium sulphate 
;t!o th..- p1eferred source of the ammonium ion, the 
aml1um of <tmmoniurn sulphate ~.dded to the mix.1ure 
for the wet oxidation reaction should be within the 
range of 75-150 grams per liter. There is reason to 

b5 hclic\·e. from the observations which base been made, 
that the added ammonium su1phale also funclions as an 
effective wet oJ:id.ation catalyst, such observations 
he:ing p.rcdio.tc::d on batch experiments in v.hich 30-40 
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l!,r~rm of cht•ppcd film h....~; beco l'>LLh;ccted tu wet uxid:a­
lron u ~d--:-r Inc condntun• dcl.Cnhcd 

Urt 1n c:umrlction or the .,..ct m id:.~ttnn reac-tion, nll of 
the- m.ltcnah prc'l<!nl ~ppc.Jr 1u be in 'elution c:::s:cept 
f,,, '>Tllilll or tr:acc um<lunts of,;.ohd;'l; ""·hi'h can be: &epa· 
r<~tcd -vut at. inert mater-ial or d~>e recycled for addi­
tional wet OX.\d;!t,on in the nc1.t hatch. The \iqvor can 

4 
FcrrOUI Met.aJ\urfr. Rcco\cry or the Me:tals. Ch<tplcr 
X. p. 215, McGnw-Hill Pubiiihin,t Compnny, folln>owl'd 
by deClrowinn.inJ P.s by the: Moebius:. proceu; 
· 3. b)• hydroge-n rcducrion of 1ilvcr chloride pn:cipi­

s latcd rrom the tilvet amine solution by the: jntroduction 
of chloride K-rn; 

4. by direct hydrogen rt-dl:lction of the: Uh·er amine 
complc• wlutlon with ga~ous. hydrogen under high 
temperature and prcnu re:; , 

5. by direct reduction of the ~oilvcr from solution by 
wch reducing compounds as glucose and formalck~ 
hyde • 
. In the example dc::-M:rihc:d. direct reduc1;un with hy~ 

drogcn war;: used by introduction of hydro_ccn under 

be us.t::d ag.:am and a!,!<iin 10 the wet ox.idation of :;1ddi­
l1<..mal cmuh.ton c:ootcd film until the concentrntion of 
rr~tcr:ab t"uikl!. up to a level for ctflc-ienl rcmova.l of 10 
produ:b rcs:.~hing from the wei otidalion, thereby lO 
prov-ia:: cDm.idcrl.lblc &<J.vings in procr:!-.sing steps, for­
mula1J1>n, and utili7..ation or chemicals. Jn the n.!terllil­
llve, t7lc product from the \lo'Ct m:id<Jllon slcp can be 
!0Uh;cc1cd duccU)' to prot:c"-~in!! for Lhe removal or 
rcc~)vc-ry of \·;;.rious of the valuah\c components in solu­
ti..:m lf.erc:in. 

I~ hi_gh prc.ssurc in the same reactor or autocla11e used Lo 

carry out \he high pressure:, hi:gh t.cmpern.turc: wet oxi­
dation. Reduction with hydrogen was carried out at a 
temperature of 420 .. -SOO'"F under a pressure within the 
range of 700 to 1,000 psig. The freed silver prc-.dpitated 

•ta\"ng dc-~ribed the basic cunccpts or thU; inven­
tion. iln n::tmple or the practice or the invention will 
h~·rc:in.tftcr be: given by w.ay of illustnllion, but not by 
'W<.!\ or limit ill ion. 

iu.l\ gr:1ms of undeveloped phmol:!ro~phic film. con­
l.J.~Iun' 1.14':;. t.ilvcr concenlr.ilolcd in lhc Ulvcr cmu1~ 
~•m1, tJ:'l a Mybr ba~>C. w.u.l choppctJ into m1a.ll picccr. 
and inuo.dut::c:d zlnng wilh t~O gram• o£ ttmmonium 
~ulpha1.c. I<J_, mnle!> or copper sutph.ate and waler in an 
amounl to make: up 1.5 hlcri. into a reaclor or the type 
d~:>.erit-.:!cl m ''ur cor>r:nding. apphcations. Ser. No. 
·HKU 23. now U.S. Pal. No. 3.X70.63l and Scr. No. 
-1.03.65:~. ntlw U.S. Pat. No. )J(52,L9~- The wet m:id.;s­
iH>n n:actor. m the fonn of an ;.:utocb ... e. for hi,gh pres­
~urc: operomun.li provided with a hi~h speed stifTer <t.'ld 
mlcts fer the introduction of air al or neon lh~ voru::.; of 
the 1-tincr fot immcdl3te ;.11\J uniform dis.tribution of 
the ;.,ir as fine panicles throughout the- liquor for ma-:.;.1-
mum dt~~.olution or oxy~:en therein. The wc:t ox.idation 
WOJ<; C<.Jrried out v.--ith the constant intmduction of air, 
and cor.staat strrring, \lo.'ith the liquor maintained al a 
lc-mrcr;;ture flf 460"F and under 1.000 psig until disso­
lulton (;':-the m.,tcri.al was: sub$tantiaUy complete. or for 
<~hout ,~.,c 1t1 1wo hours.. The COD of the effluent \!.'as 
cotl •• :ulal;-d f!..S .512 mg!J...O. 

The c r-nw:nt was recycled to the wei oxidation reac-
,._.,1 tor v. ith J2 _ B gr.J.TTIS cf chopped film introduced into the 

rc••ctor ;,1.1> a 5-e.:c~tnd charge The rc.<Ktor was operaled 
m the ~~me ma!locr as before, ex.cepl that .a pressure of 
lJ7tJ p~i!!. wa..<; t!S-ed. The cmu,cnt from the WCl O:tidation 
tlf tht: ~,:-cnnd t-;ttcb h:Jd a COD of bH5 mg.!l-0. 

"I he liquor d!lucnt from the second b:dch was rccy­
ckd for a 5C"C•lr,d \ime for wet ox.id3tion of an addi­
tional 3i 5 grams of chopped film at 461~ and 1.035 
r~ig_ Tbc cfnu~r.t liquor. h;wtng a COD of 869 mg/l--0 
wa.-.. rcc•,cleJ for the third time for wet OJ::idation -with 
an :1ddii.onal mcrcm~n\ of 34.9 f:Tams film. at 460"'F 
.J.fld 695 p~ir.. ll1c final liquid ph~. identifi~d i:n the: 
nov.- di:11~ram ~-. prCgnant complex silver solution. had a 
COD or }:97 n'g;'l-0. 

The fi ·~.:tl c ffit:cn1 contained 1.246 grams per liter of 
5i~vcr 

The ~i!,·c r c.ar.: be rc:cove red from I he prc:gn.znt com~ 
pin ;;ilvr:r solulion or leach liquor by <1 number of ways, 

in-cludin~: 
I. the addition of sutphuric acld to produce: silver 

-.;uJph;~tc: which p1ecipitales and can be separated by 
nmvention.a I w~dcr-solid s.cp<~.ration techniques.; 

2 the add iti...m of nltric acid to con vert the silver 
ama.ne complex lO sih-cr nitr:lte in accordance with the: 
pro..::es:s dc.scribccl by D. M. Liddell. H<lndhook..or Non~ 

:w and was: recovered from the liquor by filtration, centrif­
ug.:::tion. decantation, or the like. liquid-solid s.eparation 
techniqueL 

Aflu removal of the tilvcr, lhe: rc-:nut.inin& leach lj... 
quor contain& the terephthalnte derived from the Myll~r 

1~ film base. in the form or the amine or amide. The lKJuor 
U. ~idified, as with a minemJ acid wch as ~itric or 
~utphuric: acid to a pH within the range o( 2 to 5 to form 
tcrcphthalic acid which separates out as a precipitate. 
h is prcfened to mak.e use or nitric acid for aci.dift--

30 c:11ton. lince any trace qu:mtitics of silver will then be 
retained in solution for recycling with a new batch of 
pregnant compkx sih·er sotution_ 

h will be apparent frcm the foregoing 1hat we have 
provided a process which, in the fi~t place. operates 

3~ efficiently and effectively to destroy imaged or unf. 
maged photosensiti\'~ film, and whk:h operates effec-~ 
tively and efficiently to cooveT1 the film materials into 
a form from which the silver can be recovered in a 
usable form and from which the organic matcricls de-

..so ri\·ed from the film base can be recovered in a useful 
form. 

It will be understood that changes may be made in 
lhc det3ils of formulation and operation, without dc­
p:uting from the sririt of the invention, especially as 

<45 defined in the following claims. 
We claim: 
I. A process for the destruction of developed or 

undeveloped film having a silver emulsion coating com~ 
prising the steps of mixing the film with an aqueous 

50 mcdi.um cont2ining an agent which forms a soluble 
complex with s.ilver, subjecting the mixture towel oxi­
dation at elevated tc.mpcr:ature and elevated pre!OSure 
while introducing an oxygen containing gas under a 
high state of aW:tation for rapld distrihution or the oxy-

!} gcn inlo the li.quid minure. continuing the: wet o~ida­
tion reaction until the chemical Ol:)'gen demand COD 
of the: Grg::tnic material in the mixtur~ is reduced and 
the silver and film materi:ll arc: com·crted to a soluble 
state within the r-esultin-g liquor. and trc2ting the llquor 

60 to s.epara te the silver. 
2. A process as claimed in claim 1, in which the wet 

m: 'id:ation reaction is carried out in lhe pre!Oence of a 
wet oxidation catalyst. 

3. The process as dalmed in claim 2 in which the 
65 cata])'S.t is. selected from the gro-up consi5ting or ions of 

coppc:r. silver :md ammontum. 
4. The: process as ch1imed in daim J in which. when 

the cala1)'$t is copper \on. the ions arc present in an 
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when caJculatcd on thc bou.i.J of copper ~ulphatc. 
S. The proccu M claimed in claim J in ·nohich the 

copper. 'ilvcr and ammonmm ions are pwvided ln th~ 
fnr:n of the: ;u!phatcs of copper. ,j),.cr and ammonium. 

6. The proccu as ci:Jimcd in claim 1 in which the 
:1tcn1 which forrru.: a !>Oiubk complex with the ~ilvcs- is 
a CL'rnple~; whKh form5 a 5ilvcr amine or amide com­
plcl. 

7. The prDCa.5 BS' cl:.1imcd in claim 6 in "'.-hich the 
·~ornplc:xing compo.~md is. in the fonn of an WTJmonium 
Jon. 

8, The procf!!S as claimed in claim 7 in which the 
<~mmonium complcxing compound i.~ selected from the 
group consisting of ammonium hydna:idc and <!mmo-
niu m sulpha~. 

9. n.c process; a:; claimed i.n claim 6 in which the 
complcxing compound is prchCnt in an :lmount within 
the t=.inge of 1.5 to 2 times the: amount required to farm 
the complex with the amount of r;.i!~er that is. prcscnl 

J(]. The process as claimed in claim 1 in which the 
wet oxidatlon reaction is carried oul at a tempc:ratu~ 
within the range or 400"'-5ocr'F. 

I I. The: process a5 claimed in claim 1 in which the 
u.·et oxidation reaction is carried out at a temperature 
"'-ithm the: range: of 46(~-4bS"F. 

J 1. The process ao;; claimed in claim 9 in which. when 

6 
14. The procc~ c.r cl:ti:mc-d in cb.im 1 in which the 

wet m:idation reaction U c.nKicd out 111 z. prc:uun:: 
within lh~ range of 650-1000 p.Cs 

15. Th~ proccu w; chimed in claim in which the 
~ oxygen containing ps is. air. 

16. The process as claimed in cb.im J in whK.h the 
ox-ygcn it. int;oduced in an amount to provide an- Olli· 

ygcn/COD ratio of 0.2 to 1.0. 
J 7 .. The procen acclaimed in claim 1 in ~·hich the 

10 oxygen cnntaining ga.o;; is introduced Into lhc aqueous 
1lquid in the immediate vicinity of the vonex of the 
agitalor. 

I 8. The process as daimcd in claim 1 in which' the 
solubiliud 'ilvc:r in the liquor resulting from 'the: 'o\-et 

15 os:idation i; sep.tHated by the addition of nitric acid lo 
convert Ihc: silver ions to silver nitrale. and then elec­
trowinnlng 1he 1>ilvc:r from the silver nitrate solution. 

19. The proccs.s as claimed in claim 1 in which the 
liquor r-emaining from the wcr oxidation step is rc:cy­
c!ed with- additional emulsion coated film through a io subseque ol wet o~idation stC'p until lhe amount of dis· 
soJ\Icd malcriaJ rises: to levels suitable for the 5ubse· 
quent z::;-::paration 51cp. 

20. A proces.s for the: destruction of photos-ensitive 
film (dcve1op!'d or undeveloped) and the TCCO'o'ery o( 

2S pmducts therefrom comprising the steps o( mixing the: 
film v,:ith an aqueous medium fOT suspension or di.c;per· 
sion of the: film in the aqueous medium,' subjecting lhc 
mixture to wet oxidation at elevated lc:mpcraturc and 

the- r-omplexinf. ;lgcnt is pre-sent in the form or ammo- 30 
n~um hydrm. ide. the wet m.idation n:action i!. carried 
out at a lempcrd.ture within the: range of 460°-465''F. 
and at a pressure within the r::mgc of 500-1 000 psi g. 

al elevated prcs.'>ure. while: introducing an oxygen con­
taining. g::n; under a high state oF agitation for suhstan· 
ti:1Uy inunr:diate dissolution of the oxygen in the liquid 
mixture, and continuing the wet oxidonion reactio11 
until the film m3terials are suhstantiallv converted to a 
soluhlc state within the liquor, and the~ processing the 
r~ultanl liquor to separate out various of the com~ 
nents derived from the dcstructlon of the film. 

13. The prOCC"i..'i as d::timcd in claim I in which the 
33 

wet oxid<~tion rcactmn is carried 
o,~;ithin the: range of 500-1 000 psig. 

out at a pressure 
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Project Summary 

Wet Oxidation and Ozonation 
of Specific Organic Pollutants 

C. Robert Baillod and Bonnie M. Faith 

This study was undertaken to assess 
the applicability of wet oxidation and 
ozonation to the treatment of waste­
water containing five specific pollu­
tants typical of the 114 or-ganic com­
pounds included on the EPA priority 
pollutant list. The pollutants, phenol; 2-
chlorophenol; 4-nitrophenol; 1,2-di­
methylphthalate and 1.2-dichloroethane 
were selected for study on the basis of 
their occurrence, structure. water 
solubility, and volatility. The abiHty of 
the wet oxidation and ozonation proc­
esses to oxidize these pollutants in 
aqueous solution was studied using 
batch laboratory-scale e~periments. In 
the case of wet oxidation, efforts were 
made to determine the influence of 
temperature. pH value, catalyst. and 
reaction time on the degree of pollutant 
destruction. ln addition. an economic 
evaluation was m~de of a vvet oxidation 
process designed to treat a refractory 
petrochemical waste stream. For oton­
ation. information was developed on 
the degree of pollutant destruction as 
influenced by ozone dosage and contact 
time.. For both processes, the fate of 
pollutants were studied by measuring 
products of incomplete oxidation. The 
azonation results showed that 1,2-
dichloroethane was rapidly volatilized 
and the remaining four pollutants could 
be removed to less than detectable 
concentrations. in 5 to 1 0 minutes, at 
initial ozone usage rates of 3.9 to 5.9 
moles of ozone per mole of compound 
removed. The wet oxidation r-esults 
indicate that all five pollutants could be 
oxidized under the conditions of tem­
perature (204 ° C to 260° C) and oxygen 
pressures studied. The removal rates for 
each substance depended on tempera­
ture, pH. and catalyst and were ade­
quately described by semi-empirical, 
first-Order kinetics. For both processesr 

a significant amount of organic carbon 
remained in solution after the specific 
pollutants had been removed. This 
carbon was slowly oxidized and con­
sisted primarily of organic acids and 
aldehydes.. A wet oxidation process was 
deslgned to treat a 37.8 C/min {10 
gal/min) of a high COD (70,000 mg/1) 
petrochemical waste which was inhib­
itory to a biological treatment process. 
A detailed economic evaluation of this 
process indicated that an investor's 
interest rate of 20 percent could be 
anained at a treatment char-ge of S69 
per 1000 gallons {$17 .81 per cubic 
meter) or SO. 1 6 per pound of CO 0 
r-emoved (S.35 per Kg COD removed). 

This Project Summary was developed 
by EPArs Industrial Environmental 
Research Laboratory, Cincinnati. OH. 
to announce hey (;ndings of the 1esearch 
project that ;s fully documented in a 
separate report of the same title {see 
Project Report ordering information at 
back}-

Experimental R esu Its 
Semi-batch ozonation experiments 

showed that: 

Phenol, 2-chlorophenol. 4-nitrophenol 
and 1 ,2-dimethylphthala1e could be 
removed to less than detectable COr)­

centrations {in 5 to 10 minutes) 
through ozonation at initial ozone 
utilization ratios of 3.9 to 5.9 moles of 
ozone per mole of specific pollutant. 
However, the removal rates were 
limited by the rate of ozone mass 
transfer. During the initial stages Gf the 
ozonation experiments, reaction in the 
diffusive film enhanced the mass 
transfer rate_ 

A significant amount of total organic 
carbon remained in solution after the 
specific pollutants had been removed 
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evident during ozonation. Conversely. 
oxalic acid was a reiativefy minor product 
during wet oxidation. but was very 
significant in ozonation. 

and this carbon was slowly oxidized. 
Increasing the initial pH frorr161o 10: aJ 
increased 1t1e specific po-llutant removal 
ra1e for phenol ahd 4--nitrophenol. but 
decrease j the rnte for 2-chlorophenol, 
and b) decreased t!"le total organic 
carb~n rt:moval rates for pht~nol and 2-
chlorophenol. 

C. Robert Bail!od and Bonnie M. Faith are with Michigan T echnoJogical Um'versity. 
Houghton. Ml49931. 

Ronald J. Turner is the EPA Project Officer (see below). Bmch wet oxidation experimen1s showed 
that: 

All f1ve specific pollutants studied could 
be oxidi.(ed under the conditions of 
temperature and oxygen pressured 
s1Ud:ed. The rernoval rates depended 
on the substanco;s and on temperature 
and were adequately described by 
semi-em:>irical first-order kinetics. 

The complete report. entitled "Wet Oxidation and Ozonation ol Specific Organic 
Pollutants,·· (Order No. PB 83·254 060; Cost: $16.00~ subject to change) will be 
available only from: 

Alkaline pH levf'ls markedly increased 
the rate of specific pollutam removal 
and only Slightlr increased the rate of 
·oial org~ nic carbon removaL However, 

National Technical Jnformatian Service 
5285 Port Royal Road 
Springfield. VA 22161 
relephone: 703-487-4650 

The EPA Project Officer can be contacted at: 
Industrial Environmental Research Laboratory 
U.S. Environmental Protection Agency 
Cincinnati. OH 45268 

,,.Jiover rhe one-hour reaction period, 
alkaline pH levels gave markedly lower 
removals for 1otal organic carbon and 
::hemical oxygen demand. 

~U:t CDVERN"'EN.T Pllltill'"' !Hict I!U-6U--Gl7t7?D: 

::upric ion acted as a ca:alyst and 
·ncreased the rate and extent of 
-emoval of specific pollutants and total 
•:Jrgan-,c carbon.. 

A significant a:noun1 of total organic 
carbon remained in solution after the 
spec1fic polluta-,ts had been removed 
and this carbon was slowly oxidized. 
More than three-fourths of this carbon 
w2s acccUnted for by low molecular 
'Neight acids, ace;:aldehyde and acetone. 

Bioassay te3ts using Daphnia magna 
ind-IC3ted that \\et oxidation achieved 
90 to 99 perctnt detoxification for 
"'henol. 2-chlo·ophenol and 4-nitro-

,.,henol. 

Although ace1ic acid was a major end 
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October 1983 

-
C. Robert Balllod, Professor of Civil and Environmental Engineering and 
D J rector, Water and Waste Management Group of B l oSource 
Michigan Technological University 
Houghton, Michigan 49931 
(9[16) 487-2530 

Blrthdate: 

PICice of Birth: 

Hcxne Address: 

.EDliCAT I ON 

j'lf>l\- (~Orl>I'IL 

non- r .esfOrl>tve...-

;Vorl~e~s,L.'L . 
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1963, B.S. -Civil Engineering 
Marquette University, Milwaukee, Wisconsin 

1965, M.S. -Civil Engineering 
University of Wisconsin, Madison, Wisconsin 
MaJor Area of Study - Environmental Engineering 

1966, Ph.D. 
University of Wisconsin, Madison, Wisconsin 
l~a:or Area of Study - Environmental Engineering 
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" HONORS 

Grcduated Cum Laude, B.S.C.E. l1963) 

Cor·ec·1plent: Michigan Society of Prof. Engineers Outstanding Achievement In 
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Tau B.eta PI, Chi Epsilon, Sigma X! 
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19E·2 to Present, Professor of Civil and Environmental Engineering and Director 
of the Water and l~aste ~'anagemen-t- Group of B IOSOURCE 
Mlchlgan Technological University 
Duties: Approximately 60% Academfc Teaching, Research and Administration: 
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Environmental Engineering Group leader. 40% BioSource: Yupervlslon of two 
reEearch engineers, technician and secretary; budget management; Coordinator 
of Facu I ty research efforts, Wet OxIdatIon and Oxygen Transfer Reseo;rch Group 
Leader 

1983- Ssbbatlcal, Spring Semester, VIsiting Professor, Rogaland 
Dlstrlckshogskole, Stavanger, Norway 

1973 to 1982, Professor of Civil and Environmental Engineering 
Co-D I rector, Center for Waste Management Programs 
~llchigan Technological University 
Responsibilities: Teaching undergraduate and graduate courses; supervision of 
graduate research; Environmental Engineering Area leader 

1977 to 1978, Visiting Professor 
Department ot Civil and Environmental Engineering 
University of Wisconsin, Madison, Wisconsin 

1968 to 1978, Assistant and Associate Professor 
Department ot Civil Engineering 

·-·· Michigan Technological University 

1968, Project Engineer 
University of Wisconsin Experiment Station 
Responsibilities: Influence on Turbulence on Oll-\1ater Separation 

1965 to 1968, Federal Water Pol lutlon Control Administration Research Fellow 
Department of Civil Engineering 
University of Wisconsin, Madison, Wisconsin 

1964 to 1968, National Science Foundation Trainee 
Department of Civil Engineering 
Unl·.'ersHy of Wisconsin, Madison, Wisconsin 

1963 to 1964, Engineer I 
Wisconsin Department of Transportation 

1lllli)B RESEARCH SPECIALTIES 

Biological treatment processes, removal and fate of toxic pollutants, oxygen 
transfer, wet oxidation. 
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tjlchtgan Technological University Faculty Re~earch Grants, 1969-1970 
"Aer·ob I c S I udge D1 gest 1 on - Land D I sposa I of Mun lc I pa I Eff I uents" 
$2,'00 

Michigan State University, 1969-1971 
lns-Itute for Water Research, East Lansing, Michigan 
HNfcr' f !cation In Surface Waters" 
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-U.S. Environmental Protection Agency and Cleveland Cliffs '~'ron Company, 1970-1973 
"Storage and Disposal of Waste Water Resulting from the Concentration of Low 
Grade I ron Ore" 
$73,603 

U.S. Army Cold Regions Research and Engineering laboratory, 1976 
"Continued Evaluation of the Calumet, Michigan Land Application Waste Water 
Tn,atment SIte" 
$2,500 

U.S. Army Cold Regions Research and Engineering laboratory, 1975 
"Preliminary Evaluation of the Calumet, Michigan Land Application !taste Water 
Tre,atment S l te" 
$2,500 

Michigan Technological University Faculty Research Grant, 1977-1978 
"A Study of Wet Oxidation and Heat Treatment of Sewage Sludge and Hazardous 
Waste" 
$2,200 

u.s. Environmental Protection Agency, 1978-1960 
"Development of a Tentative Standard for Evaluating Oxygen Transfer" 
$70,000 (Member of ASCE Task Group) 

U.S. Environmental Protection Agency, 1978-1980 
"Utility of Wet Oxidation and Ozonation In the Treatment of Priority Organic 
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$193,000 

U.S. Environmental Protection Agency, 1981-1983 
"Ev;,luatlon of Oyxgen Transfer Test Procedures" 
$25>0,000 (~lember of ASCE Task Group) 

Lakeside Equipment Corp., 1982-83 
"A Study of Computer Aided Design Applied to the Oxidation Ditch Process" 
$4,000 
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"Wet Oxidation of Dioxin Surrogates" 
$10,000 

PROFESSIONAL MEMBERSHIPS~ SOCIETY ACTIVITIES 

American Society of Civil Engineers, Member 
Journal of the Environmental Engineering Divls!on, Referee 
Nationa I Subcommittee on Oxygen Transfer Standards ( 1978'-. ) 
ASCE-EPA Oxygen Transfer Task Force (1978- ) 
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~ienbershlp Committee, 1975 

American Water Works Association 
~\lch lgan Education Committee 1977-82 
Trustee, Michigan Section 1976-61 

Water Pollution Control Federation, Member 
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IHTHODUCTION 

The proposed process which can solve the contaminated film 
chip problem is based on Michigan Technological University 
{MTU) patents of "Process for the Destruction of Developed and 
Undeveloped Photosensitive Film and the Recovery of Products 
Therefrom". In the process the polyethylene terephthalate 
(PET) film is broken down into its formative constituents of 
terephthalic acid and ethylene glycol. The silver and 
terephthalic acid are recovered as valuable products from the 
process. 

The process is related to and is an outgrowth of wet air 
oxidation technology which has a proven record of destroying 
hazardous materials. 

MTU and others have shown that wet air oxidation and the 
proposed film process which are related are capable of de­
stroying in excess of 99.5 percent of the total cyanide. The 
only products of this destruction are carbon dioxide and ammo­
nia. The cyanide concentration in the process waste liquor 
will be below .5 parts per million (ppm) and usually below 
.2ppm. 

As the process is a wet combustion process, other 
contaminants such as paper, wood, and non PET film will be bro­
ken down and oxidized. Thus, if contaminants are held to lev­
els at or below those already tested, product quality will not 
be compromised. High contamination levels, currently unknown, 
may reduce the quality of the product t·erephthalic acid. 

The process has been demonstrated in a pilot plant capable 
of recycling up to 150,000 pounds per month of x-ray film. 
Samples of the cyanide tainted scrap film have been processed 
ln a small laboratory reactor to show cyanide destruction and 
to provide data on product terephthalic acid quality. Thus, 
the element of project risk has been minimized. 

CHEMICAL BASIS 

PET, the main constituent of the scrap film pile is a 
polymer made from terephthalic acid and ethylene glycol alter­
nating in a chain. When these materials are reacted, 
eliminating water between them, they form the polymer (plastic) 
film. Onder conditions of moderate temperature and pressure 
[450°F and 650 psia) in the presence of water in an autoclave, 
the polymer chain is broken and the starting resources 
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recovered. The MTU patented process causes this breakdown (de­
polymerization) to occur in the presence of a strong base such 
as sodium hydroxide. The terephthalic group forms a soluble 
sodium salt of terephthalic acid which goes into solution with 
the ethylene glycol formed. 

The solution leaving the reactor will have film 
contaminants which entered with scrap film such as dirt, stones 
and in the case of untreated film silver as the only solids in 
suspension. These solids are removed in a filter for dispsoal 
or recovery of silver. The clear solution leaving the filter 
contains primarily the sodium terephthalate, ethylene glycol 
.;md a minor quantity of excess sodium hydroxide. 

When the filtered solution is treated with an inexpensive 
acid, such as sulfuric acid, an exchange will occur forming so­
dium sulfate which is soluble and terephthalic acid which is 
insoluble. The terephthalic acid can then be separated by 
filtration, dried, and sold to make new film. 

The ethylene glycol and sodium sulfate are best discharged 
to a waste treatment system as their recovery would not be eco­
nomical. Tests carried out on film chip process waste water 
have shown it to be biodegradable. No adverse environmental 
effects associated with the discharge will be encountered. 

As the process is similar to wet oxidation, most of the 
film contaminants will be oxidized to carbon dioxide, water, 
and low molecular weight organic acids. Fortuitiously, the 
terephthalic acid and ethylene glycol, are not altered in the 
environment. Thus, most contaminants will not present a prob­
lem. 

As a wide range of contaminants and products are antici­
pated, and as it is not possible to predict the mix in advance, 
an assumption was made in which half of the combustibles were 
conve•ted to carbon dioxide and water and the balance to acetic 
acid. A mass balance summary was then prepa•ed fo• each 100 
lbs. of film processed. This summary (enclosed) shows the 
flows into and out of each of the principal p•ocess steps. 
During processing, the quantities of each constituent and pro­
cess conditions will be shifted slightly to take into account 
'<arying amounts and types of contaminants. 

PROCE:SS SCHE:HATIC 

A schematic of the proposed process is presented in the 
attached flow chart. It shows the major pieces of process 
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equipment starting with the film slurry being fed to"the reac­
tor through the storage of product terephthalic acid. This 
system is a continuous processing version of the pilot plant 
that recovered silver and terephthalic acid from outdated 
x-ray film. 

The operation of the system is as follows: The film, 
caustic, from storage (D3, G3) and water is charged into the 
reactor (Cl). Hot heat transfer fluid is introduced into the 
reactor jacket (El) to bring the reactor to the operating tern­
perature during startup and hold it at a temperature during 
processing. An air compressor (Kl) and surge bottle (C3) in­
troduce air into the reactor to control odor and burn off the 
cyanide and contaminants. Process gas leaving the reactor pas­
ses through a condenser system (E2) which recovers hot 
condensate and heats fresh water to recover energy. A back 
pressure control valve vents the non condensable process gases 
and establishes the reactor pressure. The reactor agitators 
illaintain a uniform liquor/film slurry and enhances the 
gas/liquid mass transfer to provide air for the combusion reac­
tions. 

The hot liquor is withdrawn from the reactor under pres­
sure, cooled to below the flash point in a heat exchanger (E3), 
and discharged through dump valves to a holding tank (Dl). The 
reactor discharge liquor preheats the reactor feed saving ener­
gy. 

The reactor liquor containing some residual solids is 
pumped from the agitated surge tank through a filter (Yl) be­
fore passing into the acid neutralization reactor (D2). The 
filter removes solids which would be contaminants in the p~od­
uct TPA formed later in the process. 

1 ....... 1 • 
~ In the neutralizer, sulfur1c acid is added from storage 

(D4, G4) to the basic liquor and sodium terephthalate is formed 
in the reactor. In the presence of sulfuric acid, the sodium 
tereohthalate reacts to form soluble sodium sulfate and insolu­
ble terephthalic acid. This slurry is pumped to a vacuum fil­
ter (Y2). 

The vacuum filter separates the liquor from the insoluble 
tereohthalic acid (TPA). In the process, the TPA filter cake 
is formed on a moving belt. Once the cake is out of contact 
with the liquor, it passes under a series of wash heads which 
rinse the cake with fresh ~ate~, thus removing residual reactor 
liquor which contains sodium sulfate, excess sulfuric acid, and 
other soluble organic and inorganic constituents. This clear 
liquor is withdrawn from the filter th~ough a vacuum system 
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(Hl, C4, G7) and discharged. The washed cake is then." conveyed 
(T3) into a dryer [Y3). 

The water in the TPA filter cake is evaporated in a dryer 
which uses energy drawn from the heat transfer loop (Fl, G6). 
The design is such that the wet cake is moved through the unit 
and discharges a dried product of pure TPA which is then con­
veyed (T2) to storage (Tl) for sale. 

In support of the principal flow path described, the pro­
cess includes a number of subsystems. These include: 

o An air compressor with intercoolers, surge tank and 
controls to supply air to the reactor (Kl, C3). 

0 A sodium hydroxide system for the transfer and me­
tering of sodium hydroxide from tankage (either 
railcar or truck) into the reactor (D3, G3) • 

o A heat transfer loop consisting of a furnace/heater, 
expansion tank, and circulating pumps for providing 
energy for reactor heatup and temperature maintenance 
and energy required for the evaporation of water in 
the dryer (Fl, G6). 

o A sulfuric acid system for the transfer and metering, 
under pH control, of acid from tankage into the neu­
tralization reactor (D4, G4). 

o A vacuum system for the removal and discharge of 
waste process liquor from the TPA filter (Hl, C4, 
G7) • 

In addition to the above equipment, a quality control lab­
oratory will be provided to monitor the feed and product mate­
rials at each step of the process. 
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APPENDIX F 

BANK LETTER OF REFERENCE 



-CitizensBank 

« 
WllbmD_McGuire 
Vtee President 

February 13, 1984 

~tr. Daniel L. Eberhardt 
~~C ENTERPRISES, INC. 
1717 Webster Avenue 
Chicago, IL 60614 

RE.: Cyanide Contaminated Film Cbip Project 

Dear Dan: 

We appreciate your advising us as to the exciting prospects 
concerning the possibility of a contract being entered into 
with the State of Illinois. There certainly has been a good 
deal of information discussed about this problem. 

Our Bank would certainly be interested in reviewing the 
financial requirements of this Project in order to, hopefully~ 
assist you with your credit needs. 

Due to your excellent relationship with us to date involving 
a sizeable line of credit as Yell as equipment accommodations~ 
I feel that a realistic proposal from you would be positively 
considered. I will look forward to hearing more about the 
ProJect to see if we can be of assistance. 

Sincerely, 

1 /l· 

~~;f 
William D. McGuire 
\

1ice President 

WDM/ds 

Qft'ens Bon~ S. Tn..:sf Cornp::lflr' 
One-Nort~ HighWay- Par': 13dge, lmnois &l0!18 
312-399-.tUOO- tl~4270 


